The set of fibre modes carrying orbital angular momentum (OAM) is a possible basis for mode division multiplexing. In this regard, fibres supporting OAM modes have been fabricated [1], and optical communication using these fibres, has been demonstrated [2] . A vital part of any long range communication system is an optical amplifier. Here we demonstrate, for the first time, Raman amplification of OAM modes.
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We demonstrate Raman amplification of 8 different OAM modes with L = ±5 and L = ±7, where L is the topological charge, and each mode has either a positive or a negative circular polarization, denoted σ + or σ -, respectively. The experimental setup is sketched in Fig. 1 a) . A tunable CW laser diode source is launched into an air-core fibre, supporting stable propagation of OAM modes [1] , by using a spatial light modulator (SLM) and a quarter-wave plate, thus exciting a single OAM mode with a purity of at least 18 dB, measured using time of flight. The fibre is backwards pumped, using a 1455 nm unpolarised CW Raman laser, which is coupled to the fibre without any phase shaping, since q-plates and SLMs would be damaged by the high power. Thus the pump is not coupled to a pure fibre mode, but to a superposition of several modes. At the output of the fibre, the signal is separated from the pump using a dichroic mirror and a long pass filter, and the signal power is measured. Raman gain depends mainly on the relative wavelengths, and intensity overlap of the signal and pump [3] . Since all the guided modes in the air-core fibre have nearly identical ring shaped intensity distributions, the intensity overlap between any two different modes is large. As seen in Fig. 1 b) , this yields a Raman gain close to the theoretically predicted values, as well as a low mode dependent gain. We measured a peak on-off gain of 1.7 dB at 1555 nm (Fig. 1 c) ), for the L = +5 σ -mode. Additionally we found that the |L| = 5 modes on average across the C-band has a 0.1 dB larger gain than the |L| = 7 modes. No consistent dependence of the sign of either polarization or OAM was observed. The gain was mainly limited by the available pump power, and the propagation loss in the fibre. The loss depends on both the wavelength and the excited mode, or superposition of excited modes. It was measured to 6 dB/km for the pump, and 1 dB/km across the C-band for the used signal modes.
Raman amplification of OAM modes is promising since it is scalable as the pump power can simply be increased in order to increase the Raman gain, and extra pumps at different wavelengths can be added in order to yield a wider gain bandwidth. Finally, an OAM fibre produced specifically for Raman amplification could further enhance the gain.
